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1. STATEMENT OF THE FROBLEM 
The purpose of the study which th i s  r e p o r t  desc r ibes  w a s  t o  de te rmine  
if  the incorporat ion of cer ta in  features  i n t h e  design of free space  rooms  wauld 
improve  the i r  e l e c t r i c a l  performance and if  s o  to  de te rmine  t h e i r  p rope r  design. 
T h e s e  fea tures  which we  give the generic  name  s t e reomet ry ,  include longitudi- 
na l  ba f f l e s ,  t r a n s v e r s e  i r i s e s ,  pyramidal  back w a l l s  and  t i l t ed  back w a l l s ,  In 
eve ry  c a s e  we a s s u m e  a given box-shaped room whose s ix  w a l l s  ( four  s ide  wal ls ,  
one f ron t  w a l l  and  one back wall)  wi l l  be completely covered  with a high quality 
a b s o r d e r .  If any of these  fea tures  a r e  incorporated they m u s t  protrude intd the 
given r o o m  volume, W e  a s s u m e  a fixed t ransmit t ing antenna of good design ,on 
o r  c lose  to  the front w a l l  and a receiving o r  t e s t  antenna which may  be rLitated 
in any position a t  a point nea r  the oack w a l l  
The  study is specifically a imed a t  the design of twl) f r e e  space  roonls  
f o r  JPL one to  be used a t  8 g c  of s ize  2 3 '  x 2 0 '  x 60' and the second to  b e  used at 
16gc of s i z e  2 0 '  x 2 0 '  x 43 '  These  roonls a r e  t o  be  used f o r  the measu remen t s  
of high perforniance and general ly  1,JW gain aiitennas. 
The present  study inclilded both theoret ical  and experimental  investi-  
gations ( the l a t t e r  at a sca l e  frequency L J f  96gc) and is  similar in approach to  a 
previous study descr ibed  in ref [ 1 1 and [ Z ]  In the previdus study the reflections 
due t o  longitudinal meta l  aaffles and t r a n s v e r s e  riietal fences  were  de t e rmim d 
f r o m  asymptot ic  evaluation uf the physical optics fdrniulas f o r  sca t te r ing  f r o m  
these  obstacles  on a ground plane,  
If the metal l ic  w a l l s  a r e  replaced by aDsorbing wal ls ,  which a re  
TRb 
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homogeneous and isotropic  o r  equivalently may  b e  charac te r ized  by a reflection 
coefficient then the formulas  given in  [ 11 and 121 m a y  be readi ly  modified t o  
apply t o  absorbing wal ls  as well as perfectly conducting walls.  
Let u s  consider  a f r e e  space room,  initially a s imple  rectangular  para l -  
lelepiped, of dimension A x B x C ,  with walls completely covered with homo- 
geneous,  isotropic  abso rbe r  containing a source  and a rece iver  in  the usual  
locations:  approximately centered  with r e spec t  t o  the t r a n s v e r s e  A and B 
dimensions and a dis tance of f r o m  
longitudinal dimension, In th i s  case  to  f irst  approximation the energy  
in t e r f e r ing  with the d i r ec t ly  t ransmi t ted  energy  may be assoc ia ted  with r a y s  
f r o m  the sou rce  which r each  the rece iver  on one bounce off of each  wall, 
The  energy  assoc ia ted  with then1 i s  reduced in intensity re la t ive t o  the d i r e c t  
5C t o  . 9C a p a r t  with r e spec t  t o  the C o r  
r a y  by a f ac to r  
is the r a t io  of the t r ansmi t t e r  
T r I G R d  
where  G 
GRr’GRd direct ion to  the d i r e c t  r a y  direction, 
R is the wall  power reflection coefficient a t  the 
gain in the ref lected r a y  
is the sanle fo r  the r e c e i v e r ,  
incidence angle and polarization 
of the incident r a y  and  D is the ra t io  of ref lected to  d i r ec t  path d is tances  
squared ,  
possible .  
This  energy  is a source  of e r r o r  and is to  be reduced as much as 
While the t ransmit t ing ( o r  f ixed)  antenna m a y  be designed S O  tha t  
GTr/GTd is s m a l l ,  s ay  -20db o r  l e s s  except on the back wall where  i t  will 
be unity, the receiving ( o r  t e s t )  antenna m a y  be rotated S O  that  GRrIGRd is 
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v e r y  l a r g e ,  essent ia l ly  without l imit ,  R may  range f r o m  -30 to  -70db 
depending on abso rbe r  quality and incidence angle and polarization, 
less than unity and i s  of the o rde r  of 2 t o  6db, 
D i s  
The purpose of any fea ture  such as baffles, ir ises,  pyramids  o r  
rotation of a wall i s  to  e l iminate  this specular  reflection energy ,  replacing 
it in most  c a s e s  w i t h  diffraction energy hopefully of less intensity.  A use fu l  
way of viewing this  p rocess  is that the absorbing w a l l  is moved or  shaped in  
such  a way as  to  d is tor t  the reflected phase front  by spoiling the phase of 
the f i r s t  (or f i r s t  f ew)Fresne l  zones surrounding each s ta t ionary  phase point,  
destroying o r  reducing its coherence.  
One manner  in which this  has been done i n  a l l  high quali ty free space 
r o o m s  is by the use  of dentated o r  physically tapered  a b s o r b e r  as  shown in 
F i g u r e  1.  i t  does 
not pro t rude  much into the room; protrusion not only i n c r e a s e s  D in ( 1 )  but 
a l s o  R which typically inc reases  with the increasing incidence angle accompany- 
ing pro t rus ion ,  
much of the energy  ref lected f rom 
wall  again and perhaps s e v e r a l  t imes  ( r a y  no. 1 )  and secondly,  some  of i t  ( r a y  
This  method is supe r io r  to baffles and i r i s e s  in one way: 
It is  a l s o  supe r io r  in two other  ways,  A s  shown in F igu re  1 
this  type of a b s o r b e r  s t r i k e s  the s a m e  
no, 2 )  is bet ter  absorbed  
equivalent t o  e l ec t r i ca l  taper ing,  
because of the physical t aper ing  being somewhat 
The l a t t e r  type absorpt ion is m o r e  significant 
at low f requencies ,  the f o r m e r  a t  high frequencies ,  
The physically t ape red  abso rbe r ,  however ,  does not in pr incipal  
completely break  up the F r e s n e l  zones around a s ta t ionary  phase point, s ince 
due to i t s  planar  periodicity,  whatever reflection occur s  pe r  per iod of dentation 
.I I .  
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Rays Incident on Dentated Absorbe r  
wi l l  be cophasal with the reflections f rom a l l  other periods i n  each F r e s n e l  
zone. If this  res idual  reflection is large enough it may be reduced  fu r the r  
bychargi- the shape of the sur face ,  
F o r  any given observation and source  points there  is an ell ipsoidal 
shaped f i r s t  F r e s n e l  zone surrounding the s ta t ionary  phase point on each  wal l .  
Suppose the observation and source  points a r e  back a distance H f r o m  a s ide-  
wall and a r e  sepa ra t ed  by a distance r .  Then the dimensions of the first 
F r e s n e l  zone if  r > > H > > X a r e  given i n  Table  1. 
Note that in the f i r s t  F r e s n e l  zone in the 8gc case  the re  are  of the 
1 1 
x 1--" per iod 2 
1--" 
2 
o r d e r  of 900 and in  the 16gc case  180 teeth ( o r  p y r a m i d s )  of 
a b s o r b e r ,  
F r e s n e l  zone, 
In addition the height of each tooth is s e v e r a l  t imes  that of the first 
In the c a s e  of the f ront  and back wall ,  i f  source  and observation points 
are d is tances  d and r t d f r o m  these,  the f i r s t  F r e s n e l  zone has  dimensions . 
given in  Table 2 ,  
In this  c a s e  the F r e s n e l  zone contains about one period if d = 0" (antenna 
c 
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I 
I 1 -  H = 120" 
, First F r e s n e l  Zones r = 54'  X = 1.48" 1 r = 34 '  X = . 72" i 
* - -  - 
length: & ( r / 2 H )  8 3 ,  6" 20" 6" 
width: 3 1 " 1 7  4" 
I 
I 
height: h r /3H 1 . \)'I 1 " 3" I _ _ -  - 
T A B L E  1 
Side W a l l  F r e s n e l  ZL)nes 
I -  - 
I t 
X = l  .48" 1 r = 34'  X = ~ 72" 
i 
i 
d - 0  
! 
72" 
i 
1 ~ 361) 0 IC)" I 
i d = 6 '  
i 
1. 44" ,' 6. 3' '  ~ 
! 
i ! 
1 
I 
36" ! 
j . . .  - . .. 
T A B L E  2 
F r o n t  arid Back Wall F r e s n e l  Zones 
f lush wlth front w a l l )  t h e r e  1s no need t.J a t tempt  to  break  up the ear ly  F r e s n e l  
zones with additional variatiuna.  111 the case uf d = 6 ' ,  t h e r e  a r e  d the o r d e r  
of 130 teeth in the 8gc case  and 9 tecth i n  the 16gc c a s e ,  
of e a c h  tooth is many t i m e s  the height d f  the first F r e s n e l  zone in both c a s e s .  
In addition the height 
Hence i n  all c a s e s ,  the dentated a b s o r b e r  is a very  rough sur face  i n  
the s e n s e  of p. 241 of p], and i l l  all c a s e s  save one (d  = 0 )  i t  is wcJrthwhile t o  
cons ider  whether some fu r the r  sur face  stereoirletrlc t rea tment  can  reduce the 
w a l l  reflect11,n even b e l o w  that of the planar  wall covered !+J the dentated abso roe r .  
7 
I -  
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It is  worthwhile t o  consider  the possible improvement  achievable 
by this means ,  If the t e s t  antenna has  modera te  o r  low gain 
the wors t  c a s e ,  when i t s  peak illumination is centered  o n  a s ta t ionary phase 
point, the bean1 dimensions on the wall a r e  roughly of the o r d e r  of the f i r s t  
F r e s n e l  zone or l a r g e r ,  
luniinated region of the wall dec reases  until the l imi t  is reached  where the 
antenna no longer sa t i s f ies  the 2D / A  fa r  f ie ld  c r i t e r m n  within the room,  
These  lirllits a r e  shown in Table  3 .  
of the w a l l  l e s s  than the a r e a  of the ape r tu re  achieving the rnaxiinum gain,  
and covering a l a r g e  number df  tooth per iods of the a o s o r b e r ,  
If the a o s a r b e r  were  totally a rough sur face  s c a t t c r e r ,  in addition 
to  reducing the ref lected energy  by the niechanisms of F i g u r e  1 and hence 
reducing R in ( I )  
in 
A s  the gain of the t e s t  antcnna inc reases  the il- 
2 
In 110 case  is the i l luminated region 
it m a y  a lso reduce the effective gain of the test antenna 
in  the si 'ecular reflection direction, The limit is approximately to  
reduce  i t s  value t o  the isotrdpic  level ,  This is general ly  the b e s t  that  can be  
done by s t e reomet ry ,  
But f r o m  Table 3 it may reach  a significant value in  the l imiting c a s e  of 3 4  
o r  35db. 
GR r 
With a low gain feed th i s  m a y  not be appreciable ,  
I f = 8gc, 60 f t  rriorn: D 2 3 " ,  G 34db 1 
I f = 16gc, 40 f t  room: D 13", G c 35db I I 
- - I 
- - 
TABLE 3 
2 
Maximum Antenna Sizes  and Gains (2D / h  C r i t e r i o n )  
- 7 -  
2 ,  DIFFRACTION THEORY WITH ABSORBER 
In the geometr ica l  optics theory of diffraction, energy is assoc ia ted  
14s with diffraction r a y s ,  which a r e  a t  the edges of pieces  of wave f ron t s .  
The theory  may  be extended f r o m  diffraction by me ta l  s t r u c t u r e s  o r  obstacles  
t o  diffraction by a b s o r b e r s  by including the reflection coefficient of the a b -  
sarbiiig sur face  as i t  e f f ec t s  the respect ive piece of the wave front  n e a r  its 
diffracting edge, This  pe rmi t s  the diffracting sur face  to  be charac te r ized  
as a hornL,geneous isotropic  absorbing sur face  whose reflection coefficient 
m a y  be a function of iiicidence angle  a11d poldrizatioli, However the geometry  
mus t  b e  such that the physical edge  does not contribute appreciably t o  the 
scattering:. Separate  es t imates  of this physical  effect  m a y  be  requi red  when 
it is significant, 
3 ,  FENCES A N D  IRISEL 
The me ta l  iris o r  fence was analyzed in [l], p. 29 F i g u r e  2 shows 
the d i r e c t  r a y  and  principal diffraction r a y  no. 1 ,  
A B 
L 
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FIGURE 2 
H 
Geometry of I r i s  o r  
F e n c e  
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In the meta l  ground plance case ,  image  r a y s  of sou rce  and  edge a180 
occur ,  but  s ince the energy  associated with them is multiplied by the s m a l l  
reflection coefficient of abso rbe r  these a r e  negligible compared  t o  the ene rgy  
assoc ia ted  with r a y  no, 1 which is in  t u rn  assoc ia ted  with the wave front  above 
the abs ,> rbe r  and hence is not affected by the presence  of the a b s o r b e r ,  
ra t io  of total  diffracted energy t o  direct  energy  i s  then f r o m  eq(30 ) of r1J 
The 
r2 JCF 
indepe:ide t of the abeorber  charac te r i s t ics .  
F i , i r e s  3 and 4 show measured  pa t te rns  for  the c a s e  H = l o " ,  r = 6 0 " ,  
X = 1233", t 4" and t = 8. 125"- These have the fami l la r  appearance  of 
"knife-edge iiffraction'. ' The standing wave ra t io  of the d i r ec t  and diffracted 
energy a t  L H i s  r ead  to be 
to values  of 2 7 ,  9db and 17db f o r  the s t rength of diffracted field below the 
d i r ec t  field a s suming  6-s was approximately the case) isotropic  antenna pat terns  
in the plane of F igure  2. 
6 and 2.4  db respect ively,  These  co r re spond  
The theoretical  values f r o m e q ( 2 )  a r e  respect ively 
28 ,8db  and 17.8db 
that the theory  is quite accura te .  But the concept shows a c l e a r  and significant 
The ag reemen t  between theory and exper iment  indicates 
conclusion, Namely,  that  use of a fence or an i r is ,which i s  a combination of two 
or  fou r  ferces , reduces the absorbing quality of a well-designed f r e e  space  room. 
The l a r g e r  the i r i s ,  the worse  the performance,  Whether o r  not the i r i s  is 
cove red  with abso rbe r  m a t t e r s  very  l i t t le since the p r i m a r y  diffracting energy  
is f r o m  the edge of the terminated wave f ront  in  space. .  Also  i t  is to  be noted 
- 9 -  
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A 
k 
that  s ince the energy  assoc ia ted  with the diffracted r a y  no. 1 of F igu re  2 is 
l a r g e  compared  to  the energy  sca t te red  by the actual  physical  top of the pieces  
of a b s o r b e r  fo rming  the "knife-edge" the latter may be neglected, This is t r u e  
only because the abso rbe r  has f a i r ly  good absorbing quality even f r o m  i t s  edge 
and this  fact  ove r r ides  the fact  that the two a b s o r b e r s  back-to-back forming  
the iris m e a s u r e  over 7 inches in overall  l a t e r a l  extent. 
4, BAFFLES 
\ 
N 
f H 
A 
FIGURE 5 
'"3 Geometry of Baffles 
I F r o m  eq( 18) of 111 the r a t i o  of diffracted to  d i rec t  energy  between 
i s t ropic  sou rce  and  observation point, both a t  a 
plane,  a distance r apa r t ,  and centered over  a longitudinal baffle of dimensions 
d x h (see F igure  5 above) i s  given by 
height H above a ground I 
I 
h d  d'iH 
2 2 L 1 / 4  ) t 
d 3 (h(H-h)[Z(H-ht+ r 2-1'4 1 d(d2+hH)[2(d tH )tr J 
where  R is the power reflection coefficient of ground plane and baffle, provided 1 -  
these  p a r a m e t e r s  obey cer ta in  inequalities given on p. 16 of [l] which a r e  
I T R 6  . , . b L  
I -  * 
I * ' I  
1 
I .  
I 
I 
I 
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I 
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equivalent to the baffle being larger than the first F r e s n e l  zone. 
was der ived for  the case  R = 1 in [l], but the derivation is unchanged fo r  a 
genera l  value of R ,  provided that R is  not too dependent on incidence angle,  
If R i s  a function of incidence angle, a value for  the pr lncipal  diffracting r a y  
(F igu re  5 )  should be used. 
This expression 
Now it was observed  in  [l] that a value of h of about H / 2  and d 
equal to  about h gives a broad optimum value for  reducing diffraction. The 
amount  of reduction then depends on A ,  r ,  and  H, F o r  values of r and  H of 
concern  in the design of the f r e e  space r o o m  side walls of i n t e re s t  h e r e ,  the 
possible improvement  obtainable by the use  of a baffle is about 17db for  the 
8gc c a s e  and 22db fo r  the 16gc c a s e  ( p  15 of [l'i), 
cipal diffraction r a y  incidence angle inc reases  f r o m  about 70° = tan 2 ,  7 to 
0 -1 0 -1 -1 79 .5  = tan 5 , 4  in the 8gc case  and f r o m  about 60 = tan 1 7 to  73O= tan 3 , 4  
in the 16gc case ,  
p roper t ies  of the abso rbe r  because the absorpt ion fa l l s  rapidly with increased  
incidence angle. (See Appendix B) ,  
At the s a m e  t ime the pr in-  
- 1  
Much of this improvement  is thus los t  depending onthe exact 
A fu r the r  problem with the baffle arises with the dentated a b s o r b e r  which 
p resen t s  a physical  edge on the oaffle top (see F igure  6) ,  
material of F i g u r e  1,  th i s  edge is about 6" wide f o r  an  optimum baffle design. 
This  is about 1 / 3  of the width of the 1 s t  F r e s n e l  zone in the 16gc case  
1 / 5  of the width of the 1s t  F r e s n e l  zone in the 8gc c a s e  
In the case  of the 
and 
and hence reflecting 
2 / 3  of the power of an infinite ground in the 16gc c a s e  and 2 / 5  of the power of 
a n  infinite gruund in the 8gc c a s e ,  but in each c a s e  a t  the g r e a t e r  incidence angle 
of the  top of the baffle. The absorbing proper t ies  of the edge which in these 
I 
I .  
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FIGURE 6 
Phys ica l  Edge of Absorber  Covered 
Baffles 
A 
* 
\ FIGURE 7 
A. 
Geometry  of a Mound 
I -  * 
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c a s e s  is a number  of wavelengths wide will be similar t o  the base  material 
without dentations and hence of the order  of 20db poorer  (see f igu res ,  Appendix 
B)”  
Hence while the abso rbe r  covered baffle itself may theoret ical ly  im- 
prove the a b s o r b e r  covered f la t  w a l l  by roughly ZOdb, the top edge will reflect 
specular ly  as  much o r  mDre than the ilat w a l l  abso rbe r  without dentations! 
The introduction of the baffle accordingly makes  the wall reflection p rope r t i e s  
considerably poore r  and should not be considered unless  a method of conceal-  
ing the physical edge is included, F o r  abso rbe r  designs having l a r g e r  pyra-  
m i d s ,  this  edge effect is general ly  as bad o r  worse ,  
5. MOUNDS 
The problem discussed  above arises due to  the abrupt change in  s lope 
If a radius  were  included at  the top, the exposure  of a t  the top of the baff le .  
the edge could be reduced o r  eliminated. Accordingly we have investigated the 
wave diffraction p r f Jpe r t i e s  of la rge  baffles with rounded tops,  In o r d e r  t o  
de r ive  a genera l  formula  suitable f o r  treatrne1;t of rounded pyramidal  f ront  
and  back walls as w e l l ,  we have a s sumed  that the pra t ras ion  is a convex mound 
with max imum curva ture  at 
va tu re  monotonically decreasing to  the point where the mound fairs into the 
the top of principal r ad i i  f l  and y2 with c u r -  
base 
F r e s n e l  zone, 
wa l l  s m o o t h l y  and  concavely. If the mound is l a r g e r  than the first 
physical optics reflection formulas  m a y  Le used, 
The r e s u l t ,  which is  proved in the Appendix (eq(A12)) is that the power 
ref lect ion is reduced because of the curva ture  by a f ac to r  
IS 
I .  
(4) 
- 14- 
1 
as compared  t o  a flat ground with the same ref lect ion coefficient. In this 
express ion ,  sou rce  and observation points A and B a re  both a height H 
above the top of the mound 0 arid separa ted  by a distance r ,  The pr inci-  
pal r ad i i  of curva ture  in and c r o s s  t o  the plane AOB a r e  pl and  p2, 
respect ively.  
F r e s n e l  zone, 
For validity of ( 4 ) ,  the mJund mus t  be l a r g e r  than the f irst  
It  s e e m s  prac t ica l  that  the s tandard high quality dentated a b s o r b e r  of 
F igu re  1 can be flexed to  a radius  of 1 foot but probably not inuch less without 
degrading its proper t ies  o r  creat ing the equivalent of a physical edge. 
l a r g e r  pyramid  material the minimum value would be  less, 
F o r  
A suggested mound design f o r  the s ide  walls incorporating th i s  rad ius  
t r ansve r se ly  and having amound l a r g e r  than the f irst  F r e s n e l  zone is shown in 
F i g u r e  8. It includes the possibil i ty of positioning the antennas about 1 foot off 
of the room center  l ine with still improved per formance ,  
The  theoret ical  im2rovement  using such  a mound on each s ide  wall is 
about 26db f r o m  eq(4) ,  
A siniilar i inprovement is requi red  for the back wall where d = 6' (see Table  2 ) ,  
In this c a s e  the per t inent  equation is (A15) of the Appendix which shows tha t  
Such a mound is requi red  on each  of four  s ide  walls.  
f o r  a 1 foot rad ius  a 20db improvement  can be  expected, 
An improvement  of m o r e  than 2Odb should not be sought by these  means  
because  the energy  assoc ia ted  with the diffraction r a y s  t o  the edges d the r o o m  
are  of tha t  o r d e r  below the s lar reflection values and these  r o o m  edge Vti , J b , v c R , i r L  > 
-15- 
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FIGURE 8a 
Recommended Muund Design - Side Walls 
FIGURE 8 b  -4 - 3’ -4 
Recomrriended Mound Design - Back W a l l  
effects can not be eliminated by  any of the means  d iscussed ,  Moreover  
as d iscussed  on p. 6 unless  the gain of the t e s t  antenna is above 20db this  
improvement  will not actual ly  be real ized and then only when the t e s t  antenna 
is beamed on or  near  what would have been a wa l l  specular  reflection beam,  
6. TILTED BACK W A L L  
The  l a rges t  sou rce  of reflected energy in prac t ice  general ly  comes  
f r o m  the back wall because the transmitt ing antenna is beamed toward the 
specular  reflection point there  unless the w a l l  is t i l ted or  otherwise modified. 
is approximately unity in (1)  fo r  this c a s e ,  whereas  by 
Tr’GTd 
The  fac tor  G 
proper  antenna design it can be made a t  l ea s t  -20db for  all other walls. We 
have a l r eady  seen  that a 20db improvement  can be obtained by a bump. Can 
tilting the back w a l l  do a s  wel l?  This would be t r u e  if the ene rgy  within the 
-2Odb contour of the main  beam of the t r ansmi t t e r  could be ref lected en t i re ly  
t o  one side of the t e s t  antenna by a tilted wal l ,  The l imiting c a s e  occurs  if the 
-16- 
-20db r a y  w e r e  reflected to  t h e  center  of the test antenna, 
case first. 
antenna 3db contour could be  no c l o s e r  than t 23/2" f rom the cen te r  of the 
Consider the 8gc 
H e r e  the t e s t  antenna m a y  be as l a r g e  as 23" s o  the t ransmit t ing 
- 
room, 
f r o m  the room center  line: 
the t e s t  antenna if  the  l a t t e r  is only 6 '  f r o m  the end of the room (see F i g u r e  9 ) ,  
The test antenna would haveto  b e  a t  l e a s t  12 '  from the end of the room t o  
achieve th i s ,  and th i s  probably wastes  too l a r g e  amount of the room space ,  
B y  no rma l  beam scaling th i s  puts the -20db contour at about 3'  or  m o r e  
no reasonable  wa l l  tilt can  re f lec t  this  r a y  behind 
Accordingly a t i l ted back w a l l  is not recommended,  A similar r e s u l t  
appl ies  t o  16gc, 
1 -  -17- 
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7. MEASUREMENTS 
Measurements  were  made  at  96gc on s e v e r a l  different types of abso rbe r  
Initially baffles and  fences w e r e  m e a s u r e d  on the same on a number  of setups,  
8'  x 8' ground plane as was used  i n  [l]o 
were  completely covered with the abso rbe r  under t e s t  (see F i g u r e  10). 
t ime  available only the dentated absorber  could be obtained in sufficient quantity 
t o  cover  the ground plane, baffles, and fences.  Ma te r i a l s  of th i s  type were  ob- 
ta ined both f r o m  E m e r s o n  and Cuming 
of Shelton, Conn, , in  sufficient quantity. Measurements  on irises as desc r ibed  
on p. 7 were  successfu l  in confirming the theoryJ However,  measu remen t s  
on baffles showed poorer  r e s u l t s  than expected which could be accounted f o r  
in at l e a s t  two ways: 
a) The physical baffle edge of the abso rbe r  was s o  wide a s  t o  be a significant 
sou rce  of reflection, 
b) The regular  two dimensional a r r a y  of identical  pyramid shapes  w h c h  cause  
reduced specular  reflection may  cause a l s o  some  additional sca t te r ing  which 
is not en t i r e ly  diffuse and may  have grating lobe effects.  This  effect w a s  ap-  
parent ly  a l s o  present  s ince the interference pa t te rns  were  not those of the ex- 
pected d i r e c t  and diffraction r a y s ,  
In eve ry  c a s e  all of the metal su r faces  
In the 
of Canton, Mass .  and the B,F. Goodrich Coo 
A s  shown on p. 11 th i s  effect m u s t  have been l a r g e ,  
In any  c a s e  baffles s eemed  to  be quite undesirable  producing m o r e  re- 
f lect ion than a flat ground, 
T h r e e  different thin, flexible abso rbe r s  (1  /2'l thick) w e r e  a l s o  obtained 
but only one 2 '  x 2 '  piece each. Therefore  a small pa t te rn  range  was  se tup  
t o  m a k e  measu remen t s  on these  ma te r i a l s  ( s e e  F i g u r e  11 ) "  It s eemed  des i rab le  
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to  m e a s u r e  the reflection coefficients v e r s u s  incidence angles  and polarization 
f o r  each abso rbe r ,  
in a n  at tempt  to  get the maximum dynamic range 
l imited.  The interference method, where the reflection coefficient is es t imated  
f r o m  the height gain curve ripple was unsat isfactory at s m a l l e r  incidence angles ,  
Accordingly a l s o  a d i rec t  substitution method was used, Since only a l inear  
and not a c i r cu la r  t r ack  w a s  used, as the height was var i ed  f r o m  a re ference  
height the antenna beams s t a r t ed  pointing away f r o m  the specular  reflection 
point. 
w e r e  adjusted between each range for th i s  reason.  
F o r  this purpose seve ra l  different methods w e r e  employed 
s ince the s y s t e m  w a s  power 
The height was var ied  in three ranges and the antenna pointing angles  
The r e su l t s  a r e  shown on Figure  B1-7 in the Appendix. 
A pseudo B r e w s t e r s  angle effect is visible a t  about 60° for the flat 
a b s o r b e r s .  
identica1,Material XD-AN-96B seemed  a l i t t le  poorer ,  Note that the f la t  backs 
of the dentated a b s o r b e r s ,  which were a l s o  tes ted  w e r e  similar in pe r fo rmance  
t o  the thin a b e o r b e r s  indicating that the ma te r i a l s  a r e  similar. 
Mater ia l s  A N - 7 2  and XD-AN-96A w e r e  apparent ly  e lec t r ica l ly  
At tempts  w e r e  made  to m e a s u r e  the reduction in ref lect ion by bumps 
by the height-gain curve  o r  interference method. 
t o r e d  and  all readings could be r e fe r r ed  t o  a single re ference  "no bump" c a s e ,  
Table  4 lists the r e su l t s  of four cases .  
(a)  inabili ty to maintain bump curvature  prec ise ly  over ita length, ( b )  var ia t ion 
in  absorpt ion over  different  p a r t s  of the abso rbe r ,  and ( c )  l imitat ions in dynamic 
r ange  and r ece ive r  noise e f fec ts .  
The power level  was moni- 
Difficulties were  experienced due to  
In Table  4 columna ( 7 )  and ( 9 )  a g r e e  r eason-  
ab ly  well  indicating that when the burrip w a s  introduced in each  c a s e  the d i r ec t  
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r a y  t ransmi t ted  ene rgy  remained  constant. F r o m  this value obtained f r o m  
the r e fe rence ,  the reduction in the reflected ene rgy  w a s  deduced (column 81, 
This  a g r e e d  only qualitatively with the theore t ica l  values  (column 5),  p r e -  
dicted f r o m  eq(A15) and co r rec t ed  for the change in incidence angle due to  the 
bump. No bumps with double curvature  (1 ;  .P' # 0 )  could be tes ted  s ince / 1  2 
special ly  molded a b s o r b e r  would have been requi red ,  The r e su l t s  w e r e  suf-  
f iciently encouraging, however ,  s o  that the conclusions s ta ted  under the section 
"Conclusions and  Recommendat ions ' '  s e e m  valid. 
8. CONCLUSIONS AND RECOMMENDATIONS 
1 )  Room s t e reomet ry  o r  changing f r o m  a f la t  wall in  some  fashion 
to b r e a k  up o r  reduce the a r e a  of the f i r s t  f e w  F r e s n e l  zones is des i rab le  and 
can give a theoret ical  improvement  in reflection beyond that of the a b s o r b e r  
cove red  f la t  wall of the following amounts:  
a )  s ide walls - l imited by the gain of the t e s t  antenna in the 
specular  reflection direction. 
b)  back wall - l imited by the s u m  of the decibel gains of 
the t e s t  and t ransmit t ing antennas on the back wal l .  
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In any case  even if these sources  of reflection w e r e  eliminated 
ref lect ions f r o m  the edges of the room become significant. These  a r e  
only about 20db below the f la t  side wall reflections,  
2 )  A dentated abso rbe r  is desirable  because  i t  has  both g rea t e r  
absorpt ion and produces partially the effect of s t e r eomet ry ,  
3 )  I r i s e s  and fences  a r e  definitely undesirable in  any type of f r e e  
space  r o o m  rega rd le s s  of the physical edge thickness of the abso rbe r ,  
4 )  Baffles with slope discontinuities a r e  general ly  undesirable and 
a r e  not recommended.  
5 )  A mound of dimensions of F igure  8a is recommended for  fur ther  
considerat ion for each of the four side walls and one of dimensions of 
F i g u r e  8b is recommended for  the back wall, The improvement  due to  these 
mounds should be ver i f ied a t  t rue  scale  f requencies  with the par t icu lar  ab-  
s o r b e r  t o  be used in the f r e e  space rooni. 
titularly des i rab le ,  
The back wa l l  t rea tment  is pa r -  
\ 
Theoretically an overal l  improvement  of 20db in the w a l l  
ref lect ion can be  obtained with these mounds. 
6 )  Alternatively a t ransmit t ing antenna can  be special ly  designed s o  
that  ene rgy  radiated to  the side wall i s  a t  l eas t  40db below peak. Techniques 
which can  be used fo r  the design fof such an antenna a r e :  
a )  absorbing tunnel ,  b )  ex t r eme  amplitude t a p e r ,  c )  min imum 
o r  no feed blocking, 
Such an antenna can be made  to cover  a complete  waveguide band and 
would el iminate  the need for side wall t rea tment  leaving only one back w a l l  
mound requi red ,  
-25-  
t 
7 )  A mound is super ior  to  a t i l ted back wall by doing the requi red  job 
without taking up as much room space. 
T R 6  Ir . ICOI?POHATLCI 
APPENDIX A - REFLECTIOI'j OF  A SPHERICAL W A V E  FRONT BY A 
SURFACE OF ARBITRAPY CURVATURE 
a )  In-plane Image Center  
FIGURE A1 - In-plane Phase  Center  of a Wave F r o n t  Reflected 
by a Ci rcu lar  Body 
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Suppose a r a y  is incident at angle $ t o  the s ta t ionary  phase point 0 
of a su r face  whose rad ius  of curva ture  in  the plane of incidence shown in 
Let "a" b e  the  dis tance of the  s u u r c e  at A f r o m  the  1"  F i g u r e  A1 is j: 
n o r m a l  at 0 and let H be the dis tance from A t o  the tangent at 0 ,  Consider  
a nea rby  r a y  f r o m  A whose incidence angle is 0 1 at the  point O1 Let the 
n o r m a l s  at  0 and  O1 
s u r f a c e  with r e spec t  t o  0. H e r e  8 is a small angle and all equations neglect  
make a n  angle 8 at the c e n t e r  of curva tu re  of the 
h igher  o r d e r  terms in 8 .  
The r ad ius  of cu rva tu re  of the wave f ront  a f t e r  reflection is R1 given 
-A2-  
sin( t t 1, 
R =  1 sin ,3 YlQ 
a-,Ol 8 
h a-€I -1 
)- 0 . ( H  s = -  - 9,  p= 0 t Q - $ 1 ,  $1 = t a n  2 
b )  Cross-p lane  Image Center -- -
d r I FIGURE A 2  Cross-p lane  Phase Center  of a Wave F r o n t  Reflected by 
a C i rcu la r  Body 
-A3- 
Consider  the r a y  f r o m  A incident at a point 0 n e a r  0 in the 2 
t r a n s v e r s e  plane where  the radius  of curva ture  is The incidence angle p 2  
projected in the plane A 0 0  
tance b f r o m  0 to the l ine A 0  where b is given by 
is o2 2 The ref lected r a y  pro jec ts  back a dis-  
- 
2 
p2 
f 2  
b =  
2t- H 
to  first o r d e r  as --> 0, b is the projection in the plane A 0 0  of the 
ref lected wave f ront ' s  radius  of curvature  R in the c ross -p lane .  In fact  
2 2 
2 
or  
(A7 1 
R cos t =  b 2 
P 2 f -  
An al ternat ive derivation of R and R2 on a l i t t le  m o r e  sophisticated 1 
l eve l  is the following: 
s y s t e m  with the point 0 at the origino The s e r i e s  expansion of the equation 
of the sur face  is 
Let  the source be at (a, 0,  H )  in a n  (x, y ,  z) coordinate 
T h e  unit no rma l  at the point (x, y ,  z) is 
T i 6  i N C O H P O R A T E D  
, 
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-A4- 
If is a vec tor  in the incidence direction 
- 
a = (a-x, y, H - z )  
The ref lected r a y  is 
where  all t e r m s  quadratic in x and y a r e  omitted. The phase center  of the 
ref lected r a y s  to first o rde r  ( 5 ,  q ,  s ) is then given by 1 
where  (t, 7 ,  s )  make (A12) c o r r e c t  to  first o rde r  fo r  small x and y. The 
values  of R and R2 are equal respectively then t o  ym and ym 
The  r e s u l t  is the same as eauations (A41 and ( A 7 ) .  
1 
I . .  . .  
31 
-A 5- 
Now f r o m  eq(26) of r5-1, the field at the observation point B at a 
distance p f r o m  the s ta t ionary phase point will be 
where  u(0)  is the field at 0. The rat io  P of the power radiated at B 
1 re la t ive  to  what would have been radiated if  the re f lec tor  w e r e  f la t  (and R 
and R 2  equal t o  ym ) i s  given by 
Substituting ( A l )  and ( A 7 )  into ( A 1 4 )  yields 
If the observation point and source a r e  symmet r i ca l ly  located,  as in the 
c a s e  of the s ide walls then 
and  (A15) becomes  
T R 6 I N cc  t2 F’O H A T  E 3  
. 
-A6-  
If the observation point and source  a re  both located on the n o r m a l  
t o  the wall as on the f ront  and back w a l l s  then a = 0 
In this  ca se  normal ly  a l s o  the bump would be s y m m e t r i c  with 
Then 
p, = P 2  0 
If (A20)  is wri t ten in the f o r m  
1 1 .  p = p  1 1 1  1 2 ”  
P 
P = (  
-t ( 2 / 4 ( -  t E) ’ 
It is c l e a r  that P is minimized by minimizing p = p 2  and maximizing 
p and H subject to  whatever other constraints  are  imposed on these var iab les  
1 
3 3  
. - A 7 -  
APPENDIX B - MEASUREMENTS OF COMMERCIALLY AVAILABLE 
ABSORBER A T  96GC 
Five  different  commerc ia l ly  available a b s o r b e r s  were  tes ted  at 96gc 
on a small pa t te rn  range shown i n  F igure  11. 
by substitution of the abso rbe r  for  a meta l  ground and recording the power 
The basic  t e s t  method w a s  
drop, Di rec t  ene rgy  f r o m  transmit t ing to  receiving horns  was reduced by 
using gain s tandard  horns  of about 25db gain each.. The incidence angle w a s  
va r i ed  by changing the height of the receiving antenna above the ground plane, 
Since this  a l s o  shifted the peaks cd both t ransmit t ing and receiving beams 
away f r o m  the specular  reflection point a n  e r r o r  was introduced on e i ther  
s ide  of a r e fe rence  height where transmitt ing and receiving antennas both 
had the same height. To minimize this effect these "height-gain" cu rves  
w e r e  repeated in th ree  setups,  the antennas being repointed a f te r  each c a s e  
at a new reference  height. 
in te rva ls  of data with some  obvious inconsistencies a t  the l imi t s .  
s e tup  was power l imited,  in the c a s e  of dentated o r  pyramidal  a b s o r b e r  which 
The data ,  plotted in  F igu res  B1-7 shows t h ree  
Since the 
a c a t t e r s  as well a s  absorbs  no reliable readings were  obtained but a n  e s t ima te  
of the upper  bound on absorption was determined,  f r o m  the rece iver  noise level ,  
I . t  
-A8-  
Mater ia l s  tested were: 
F i g u r e  No.  Manufacturer Absorbe r  Type 
B1 E and  C AN-72  
B2 E and C XD-AN - 96A 
B3 E and C XD-AN-96B 
B4 E and  C CV-4 face  down 
B5 E and C CV-4 norma l  position 
B6 BFG VHP-2 f a c e  down 
B7 BFG VHP-2 no rma l  position 
E and  C = E m e r s o n  and  Cuming, Inc, , Canton, M a s s ,  
BFG = B. F, Goodrich Corp. , Sponge Rubber Products  Div, Shelton, Conn. 
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